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WHFKQRORJLHVZRUNV DQG UXOHV DUH QHFHVVDU\ IRU REWDLQLQJ IRRG DVZHOO DV UDZPDWHULDOV IRU VRPH LQGXVWULHV DQG
DFWLYLW\GRPDLQVSUHVHQWLQRXUVRFLHW\
7KHHVVHQFHRIDJULFXOWXUHLV WKHFRPPXQLRQEHWZHHQQDWXUHDQGKXPDQV WKHJHQWOHXVDJHRILWVUHVRXUFHVDQG
WKHUHVSHFWIRUWKHHQYLURQPHQW:HKDYHWROLVWHQWRLWVYRLFHDQGWRKDYHDPLOGEHKDYLRULQRUGHUWRREWDLQWKHEHVW
IRRG VRQHFHVVDU\ IRU WKHPDQNLQG2QHRI WKHPHWKRGVZHFDQXVH WRXVH UDWLRQDOO\ LV WKHFURSSLQJV\VWHPDQG
LPSOLFLWO\ WKHURWDWLRQRIFXOWXUHV&RPELQHGZLWKWKHFRUUHFWXVDJHRIRWKHUUHVRXUFHVHJZDWHU>@>@ LWFDQ
JURZWKHSURGXFWLRQ,QWKLVVHFWLRQZHZLOOSUHVHQWWKHDGYDQWDJHVRIWKHFURSSLQJV\VWHPPHWKRGIRUDJULFXOWXUH
:KDWGRHVFURSSLQJV\VWHPPHDQVDQGZKDWLW VXSSRVHV"$VWKHQDPHVD\V WKHFURSSLQJV\VWHPFRQVLVW LQWKH
SDUWLWLRQRIWKHDJULFXOWXUDOVXUIDFHDQGWKHFXOWLYDWLRQRIDGLIIHUHQWSODQWLQHDFKSDUFHOLQWKHQH[W\HDUWKHFXOWXUHV
URWDWLQJ LQ WKH QH[W SDUFHO )RU H[DPSOH ZH KDYH IRXU FXOWXUHV ZKHDW EDUOH\ FRUQ DQG VXQIORZHU:HZDQW WR
REWDLQKLJKHUKLJKTXDOLW\SURGXFWLRQV:KRFDQKHOSXV":HFDOOIRULWDWWKHVRLO±ZKHUHZHSODQWWKHVHHGVDQG
ZKLFKLVWKHIRRGUHVHUYRLUIRUWKHSODQW,QRUGHUIRULWWREHXSWRWKHPDUNLWKDVWREHQHDWLWVKRXOGEHVWRFNHG
ZLWKHVVHQWLDOQXWULWLYHHOHPHQWVHVVHQWLDOPLQHUDOVXEVWDQFHVDQGZDWHUVRQHFHVVDU\IRUSODQWJURZWK:HQHHGWR
XVHWKHFXOWXUHURWDWLRQWRDVVXUHWKDWWKHVRLOLVDOZD\VSUHSDUHGIRUVXSSRUWLQJSODQWV&URSSLQJV\VWHPKDVVHYHUDO
LPSRUWDQW UXOHV WKDW KDYH WR EH NHSW LQ RUGHU WR REWDLQ WKH GHVLUHG HIIHFWV DQG QRW WR HQGDQJHU WKH VRLO UHVRXUFH
PLFURFOLPDWHDQGWRZDVWHPRQH\:HQHHGVSHFLDOW\LQIRUPDWLRQZHKDYHWRVHDUFKIRUVSHFLDOLVWV LQWKHGRPDLQ
DQGXVHWKHPHWKRGZHZLOOGHVFULEHIXUWKHULQWKLVDUWLFOHIRULQIRUPDWLRQDQGHYHQSODQQLQJ
7KHXVDJHRI LQIRUPDWLFV IRU VROYLQJSUREOHPV LQYDULRXVGRPDLQV LVPRUHDQGPRUHYLVLEOH)RUH[DPSOH WKH
LVVXHGLVFXVVHGLQWKLVSDSHUXVHVQRWLRQVUHJDUGLQJFRPELQDWRULFVJUDSKWKHRU\WKH³ILWWLQJPDWUL[´EHLQJVLPLODUWR
DQDGMDFHQF\PDWUL[SUHVHQWHGLQ>@DVZHOODVUHFXUUHQFHWKHRU\>@ZKLFKDUHWKHEDVHIRUEDFNWUDFNLQJPHWKRG
:LWKDOOLWVDGYDQWDJHVFURSSLQJV\VWHPLVQRWXVHGDWLWVKLJKHVWSRWHQWLDOLQ5RPDQLD7KHSDSHUSURSRVHVDQG
DGYRFDWHVIRUWKHXVDJHRIFURSSLQJV\VWHPDVDQRQLQYDVLYHPHWKRGIRULQFUHDVLQJSURGXFWLRQDQGSURWHFWLQJWKH
HQYLURQPHQW,WJLYHVWKHJHQHUDOLQIRUPDWLRQDQGVRPHHIIHFWLYHDUJXPHQWVVXSSRUWHGE\H[DPSOHVIRUWKHXVDJHRI
WKLVPHWKRGDVHQYLURQPHQWDODQGWKULIW\
,Q WKH VHFRQG VHFWLRQ ZH ZLOO GHWDLO WKH PRVW LPSRUWDQW QRWLRQV DERXW FURSSLQJV\VWHPV DQG WKH URWDWLRQ RI
FXOWXUHV 7KH QH[W SDUW ZLOO FRQWDLQ UHIHUHQFHV DERXW ZRUNPDGH LQ WKLV GLUHFWLRQ DQG WKH ZD\ WKLV SUREOHPZDV
KDQGOHG LQ RWKHU SDSHUV DQG VHFWLRQ  ZLOO GHVFULEH LQ GHWDLO WKH PHWKRG XVHG WR JHQHUDWH WKH FURSSLQJV\VWHP
SRVVLELOLWLHV6HFWLRQLVGLYLGHGLQWZRVXEVHFWLRQVDQGFRQWDLQVWKHGHVFULSWLRQRI-DYD*8,PDGHIRUWKHPHWKRG
DQG D EULHI H[DPSOH RI JHQHUDWLQJ FURSSLQJV\VWHP SRVVLELOLWLHV DV ZHOO DV VRPH GDWD UHJDUGLQJ WKH DOJRULWKP
SHUIRUPDQFH6HFWLRQFRQWDLQVWKHFRQFOXVLRQVDQGVRPHILQDOLGHDV
7KH FKRLFH RI D EDFNWUDFNLQJ DOJRULWKP ZDV PDGH IRU WKH SDUWLFXODU RUGHUHG RXWSXW RI WKH VROXWLRQV DOO WKH
SRVVLELOLWLHVEHLQJJHQHUDWHGDVZHOODVIRUVWDUWLQJDFRPSDULVRQEHWZHHQWKLVPHWKRGDQGRWKHUW\SHVRIPHWKRGV
$OVRWKHQXPEHURIVROXWLRQVGHSHQGVDQGLVVHWE\WKHDOJRULWKPQRWE\WKHXVHU8VLQJEDFNWUDFNLQJPHWKRGKHOSV
DW VKRZLQJDFFXUDWHO\ WKHPRVWSURILWDEOH VROXWLRQEHFDXVHDOO WKH VROXWLRQVDUHJHQHUDWHGDQGRXWSXW7KHRXWSXW
VROXWLRQVDUHDOZD\VWKHVDPHEHFDXVHWKH\QRWGHSHQGRQWKHWLPHRIJHQHUDWLRQ6RZHFDQVD\WKDWWKHPXOWLWXGH
RIVROXWLRQVLVDVWUHQJWKSRLQWRIWKHDOJRULWKPGHVSLWHLWVGLVDGYDQWDJHV
&URSSLQJV\VWHPPHWKRG*HQHUDOQRWLRQVDQGUHVWULFWLRQVUHJDUGLQJWKLVPHWKRG
7KH FURSSLQJV\VWHP UHSUHVHQWV WKH UDWLRQDO ORFDWLRQ RI GLIIHUHQW FXOWXUHV LQ WLPH DQG VSDFH LQ DQ DJULFXOWXUDO
KROGLQJ,WLVWKHPRGDOLW\RIREWDLQLQJDJULFXOWXUDOKLJKTXDOLW\SURGXFWVDQGKLJKSURGXFWLRQV7KHFURSSLQJV\VWHP
PXVWEHPDGHGHSHQGLQJRQSUHGRPLQDQWIDFWRUVLQWKHDUHDZKHUHLWLVXVHGQDWXUDOFRQGLWLRQVFOLPDWHSHGRORJLFDO
FRQGLWLRQVUHOLHIKROGLQJVSHFLDOL]DWLRQKROGLQJVL]HSURGXFWLRQFRVWV>@
:HPXVWIDPLOLDUL]HZLWKWKHQRWLRQVUHJDUGLQJFURSSLQJV\VWHP
 7KHSDUFHORUVRODLVWKHVXUIDFHREWDLQHGDIWHUGLYLGLQJWKHWRWDOVXUIDFH
 7KHPDLQFXOWXUHLVWKHFXOWXUHSUHVHQWHGLQWKHFXUUHQW\HDURQDVROD
 7KHSUHFXUVRU\FXOWXUHLVWKHFXOWXUHFXOWLYDWHGLQWKHSUHYLRXV\HDURQDVROD
 7KHQH[WFXOWXUHLVWKHFXOWXUHWKDWIROORZVRQWKHVRODLQWKHQH[W\HDU
 7KHDQWHSUHFXUVRU\FXOWXUHLVWKHFXOWXUHFXOWLYDWHGWZR\HDUVEHIRUHRQDVROD
9DULRXVW\SHVRIFURSSLQJV\VWHPVDUHNQRZQ
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 )LHOGURWDWLRQFRYHUVWKHPDLQFXOWXUHVFHUHDOVWHFKQLFDOSODQWVOHJXPHVZKLFKLVGLIIHUHQWLDWHGGHSHQGLQJRQ
WKHQXPEHURISDUFHOVRQZKLFKLVPDGHVKRUWSDUFHOVPLGGOHSDUFHOVDQGORQJDERYHSDUFHOVDQG
ZKLFKPDNHWKHREMHFWRIWKLVDUWLFOH
 )RGGHUURWDWLRQVDWLVILHVWKHIDUPQHHGVUHODWHGWRIHHGLQJDQLPDOVDVVXULQJKLJKTXDOLW\IRGGHUWRWKHP,WFDQEH
SUDFWLFHGRQILHOGRFFXSLHGZLWKSDVWXUHVDQGPHDGRZVDQGDOVRRQWKHDUDEOHODQGVVXUURXQGLQJIDUPV7KLVW\SH
RIFURSSLQJV\VWHPDVVXUHVWKHVRLOIHUWLOL]DWLRQLQWKHVDPHWLPHE\FXOWLYDWLQJSHUHQQLDOSODQWV
 6SHFLDOFURSSLQJV\VWHPZKLFKLVRUJDQL]HGIRUVRPHW\SHVRIFXOWXUHV
 0L[WFURSSLQJV\VWHPFRPELQHVWKHFRPSRQHQWVRIWZRRUPRUHW\SHVRIFURSSLQJV\VWHPV
7KHFXOWXUHURWDWLRQLVDWHFKQRORJLFDOOLQNWKDWFDQQRWODFNIURPDFXOWXUHLWLQHUDU\7KHFXOWXUHURWDWLRQSUHVHQWV
QXPHURXV DGYDQWDJHV:HSUHVHQW MXVW WZRRI WKHPKHUH UHPRYHV WKHSHVWV DQGGLVHDVHV WKDW FDQ DIIHFW FXOWXUHV
XVLQJOHJXPHVLVQHFHVVDU\IRUIHUWLOL]LQJVRLOZLWKQLWURJHQFRPLQJIURPWKHV\PELRWLFDFWLYLW\RIWKHVHSODQWV
7KHSULQFLSOHVZKLFKDUH WKHEDVHRIFURSSLQJV\VWHPKDYH LQYLHZWKHREMHFWLYHVXQGHUWDNHQ LQDKROGLQJEXW
DOVR IDFWRUV DV >@ SHGRFOLPDWH FRQGLWLRQV WKH GLYHUVLW\ RI XVHG YDULHWLHV DQG K\EULGV WKH ULVNV RI WUDQVPLWWLQJ
GLVHDVHVDQGSHVWVWKHHIIHFWRIWKHSUHFXUVRU\SODQWRYHUWKHVRLOIHUWLOLW\
&URSSLQJV\VWHPVPD\KDYHHIIHFWVRQWKHFKHPLFDOSK\VLFDODQGELRORJLFDOSURSULHWLHVRIWKHVRLO
7KHUHVHDUFKVKRZHGWKDWFURSSLQJV\VWHPKDVDSDUWLFXODUUROHHVSHFLDOO\IRUSUHYHQWLRQRIVRLOHURVLRQK\GULF
HURVLRQEHLQJ WKHPDLQ IDFWRU RI DJULFXOWXUDO DUHDVGHJUDGDWLRQ7KH FURSSLQJV\VWHPFDQ DOVR LQIOXHQFH FKHPLFDO
VRLOSURSULHWLHV&XOWLYDWHGSODQWVKDYHGLIIHUHQWUHTXHVWVUHJDUGLQJQXWULWLYHHOHPHQWVFRQVXPSWLRQQHFHVVDU\WRWKHLU
GHYHORSPHQW
,QPRGHUQDJULFXOWXUHWKHHFRQRPLFVHFWRULVVWLOOLPSRUWDQWEXWWKLVGRHVQRWPHDQWKDWWKHVRFLDODQGHFRORJLFDO
IDFWRU KDYH WREH OHIW DVLGH7KH FURSSLQJV\VWHPKDVGLUHFW HIIHFWV RQ WKHPEHFDXVH LWV GLVXVHRU DQXQEDODQFHG
URWDWLRQZLOOOHDGWRDQHJDWLYHLQIOXHQFHRYHUWKHDJULFXOWXUDOSURGXFWLRQ
:HFDQOLVWDQGHPSKDVL]HKHUHVRPHJHQHUDOUXOHVWKDWPXVWEHUHVSHFWHGZKHQXVLQJDFURSSLQJV\VWHP
 6WUDZFHUHDOVPXVWQRWRFFXS\PRUHWKDQRIWKHWRWDOVXUIDFHLQWKHFURSSLQJV\VWHP
 5RZFXOWXUHVPXVWQRWRFFXS\PRUHWKDQRIWKHWRWDOVXUIDFHLQWKHFURSSLQJV\VWHP
 7KHUHDUHFXOWXUHVWKDWGRQRWFRPHEDFNRQWKHVDPHVRODLQDFHUWDLQLQWHUYDOIRUH[DPSOHVXQIORZHUFRPHV
EDFNRQWKHVDPHVRODDIWHU\HDUV
 7KHSUHFXUVRU\FXOWXUHPXVWOHWWKHVRLOIUHHEHIRUHVWDUWLQJWKHPDLQFXOWXUHWHFKQRORJ\
 7KHSUHFXUVRU\DQGWKHPDLQFXOWXUHDVZHOODVWKHQH[WFXOWXUHPXVWQRWKDYHWKHVDPHSHVWVDQGGLVHDVHV
2YHUYLHZRQWKHLVVXH
&URSSLQJV\VWHPLVVXHLVZLGHO\UHVHDUFKHGGXHWRLWVDGYDQWDJHV7KHVFLHQWLVWVPDGHVWXGLHVRQERWKHFRQRPLF
DQG HQYLURQPHQWDO SUREOHPV $OVR D ZLGH YDULHW\ RI VWXGLHV UHJDUGLQJ FURSV DQG WKHLU EHKDYLRU DUH WDNHQ LQWR
DFFRXQWIRUUHVHDUFK%XWWKHFURSSLQJV\VWHPUHTXLUHVDJRRGNQRZOHGJHDERXWFXOWXUHV,QWKLVPDWWHUDFRPSOHWH
VWXG\DERXWFURSVLPXODWLRQDQGPDQDJHPHQW LVSUHVHQWHG LQSDSHU >@)XUWKHUPRUHXVLQJ LQGLFHVDQGVDWHOOLWH
EDVHGGDWDFDQVKRZWKHSHUIRUPDQFHRIURWDWLRQRIFXOWXUHVDVVKRZQLQSDSHU>@7KHXVDJHRIRWKHUPHWKRGVDQG
HFRQRPLF LVVXHV DUH GHWDLOHG LQ SDSHUV >@ DQG >@ 7KH VWXG\ RI FURSSLQJ V\VWHP DQG LWV HQYLURQPHQWDO
LPSOLFDWLRQVLVPDGHLQSDSHU>@
0RGDOLW\RIJHQHUDWLQJFXOWXUHVLQFURSSLQJV\VWHP±GHVFULSWLRQRIWKHDOJRULWKP
7KHFXOWXUHVZLOOEHFRGHGE\FRQVHFXWLYHQXPEHUV«,QWKLVZD\ZHXVHWKHQH[WGDWDVWUXFWXUHV
 N±WKHWRWDOQXPEHURIFXOWXUHV
 7RWDOBFXOWXUHV>L@±PHPRUL]HWKHWRWDOLW\RIFXOWXUHVL N
 %XGJHW>L@±WKHEXGJHWVSHQWIRUWKHLFXOWXUHL N
)URPDOOWKHVHFXOWXUHVWKHXVHUZLOOKDYHWKHRFFDVLRQWRFKRRVHWKHFXOWXUHVZDQWHGWREHFXOWLYDWHG7KHLQLWLDO
QXPEHURIFURSVLQWKHSURJUDPLV
,Q RUGHU WR JHQHUDWH DOO WKH FURSSLQJV\VWHP SRVVLELOLWLHV ZLWKLQ WKH KROGLQJ ZH XVH D PHWKRG EDVHG RQ
EDFNWUDFNLQJ DOJRULWKP 7KH PHWKRG XVHV DV LQSXW GDWD IRU ILQGLQJ FURSSLQJV\VWHP SRVVLELOLWLHV WKH QXPEHU RI
FXOWXUHVZKLFKFDQEHFXOWLYDWHGLQWKHDUHDQWKHQXPEHURISDUFHOVLQZKLFKWKHWRWDOVXUIDFHLVGLYLGHGZKLFK
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DOVRPHDQVWKHQXPEHURI\HDUVLQWKHFURSSLQJV\VWHP±LWVGXUDWLRQ±RUWKHQXPEHURIFXOWXUHVWREHFXOWLYDWHGLQ
RXUFDVHLVPDUNHGZLWKPDQGWKH³ILWWLQJ´PDWUL[ZKLFKVKRZVZKDWSUHFXUVRU\FXOWXUHVFDQEHFXOWLYDWHGEHIRUH
WKHPDLQFXOWXUHZKLFKFDQEHXSGDWHGFRQWLQXRXVO\ZLWKYDULRXVFXOWXUHVDVLWFDQEHVHHQLQ7DEOH
7DEOH([DPSOHRIURZVDQGFROXPQVLQWKH³ILWWLQJ´WZRGLPHQVLRQDODUUD\
 :KHDW &RUQ %DUOH\ 6XQIORZHU &RO]D 3HDV 6R\
:KHDW       
&RUQ       
%DUOH\       
6XQIORZHU       
&RO]D       
3HDV       
6R\       
7R ILQG WKH EXGJHW IRU WKH FURSSLQJV\VWHPZH DGG DV LQSXW GDWD WKH EXGJHW IRU HDFK FXOWXUH WDNHQ IURP WKH
WHFKQRORJLFDO VKHHWRIHYHU\ FXOWXUH ,IZHZDQW WR ILQG WKHPRVWSURILWDEOHFURSSLQJV\VWHPSRVVLELOLW\ WKH LQSXW
GDWDZLOO LQFOXGH EHVLGHV WKH RQH DERYH WKH FURS SULFH LI LW LV WUDGHG DV UDZPDWHULDO RU WKH FRVWV IRUPDNLQJ D
SURGXFWDQGLWVSULFHLIWKHUDZPDWHULDOLVSURFHVVHGDQGWKHLQWHUPHGLDU\RUILQLWHSURGXFWLVVROGIRUH[DPSOHWKH
ZKHDWFXOWXUHLILWLVVROGDVUDZPDWHULDOWKHSULFHRIDWRQRIZKHDWLVFRQVLGHUHGDQGLIWKHZKHDWLVWUDQVIRUPHG
LQWRIORXUZKLFKLVVROGWKHIORXUSULFHLVFRQVLGHUHGHWF:HZLOOGHQRWHWKHPRQHDWDWLPH
 Q±WKHQXPEHURISRVVLEOHFXOWXUHV
 &XOWXUHV>Q@±FKRVHQFXOWXUHVWKDWFDQEHFXOWLYDWHG
 P±WKHQXPEHURIFXOWXUHVWKDWDUHZDQWHGWREHFXOWLYDWHGWKHQXPEHURIVROHVWKHGXUDWLRQRIWKHFURSSLQJ
V\VWHP
 3RVVLEOHBFXOWXUHV>P@±WKHFXOWXUHVWKDWDUHZDQWHGWREHFXOWLYDWHG
 )LWWLQJ>Q@>Q@±WKH³ILWWLQJ´PDWUL[WZRGLPHQVLRQDODUUD\
 %XGJHW>Q@±WKHEXGJHWVSHQWIRUHDFKFXOWXUH
 3ULFH>Q@±WKHSULFHIRUWKHFURSWKDWLVVROG3URGXFWBSULFH>Q@3URGXFWBFRVWV>Q@±VHOOLQJSULFHIRUWKHSURGXFW
REWDLQHGIURPWKHFURSDVUDZPDWHULDO
7KHEDFNWUDFNLQJPHWKRGXVHGLQWKLVFDVHLVVLPLODUWRWKHRQHXVHGLQWKHZHOONQRZQPDSFRORULQJSUREOHP>@
DQG>@ZLWK WKHGLIIHUHQFH WKDWVROYLQJDUUD\ZLOOQRWPHPRUL]HYDOXHVEHWZHHQDQGEXWEHWZHHQDQGQQ
EHLQJWKHQXPEHURISRVVLEOHFXOWXUHV$OVRLWLVQRWJHQHUDWHGDVLQJOHVROXWLRQEXWWKHDOJRULWKPSURYLGHVVHYHUDO
VROXWLRQVEHLQJYHU\VLPLODUWRJHQHUDWLQJFRPELQDWLRQV3UDFWLFDOO\WKHFRQGLWLRQVZKLFKFXPXODWHLQWKLVFDVHDUH
 )LWWLQJ>L@>M@ ZKHUHLLVWKHFXUUHQWFXOWXUHDQGMLVWKHSODQWYHULILHGWREHSUHFXUVRU\IRUSODQWLLQFOXGLQJWKH
SDUWLFXODUFDVHIRUWKHODVWFXOWXUHLQWKHURZZLWKWKHILUVW
 3RVVLEOHBFXOWXUHV>N@3RVVLEOHBFXOWXUHV>L@L NZKLFKPHDQVWKDWWKHSRVVLELOLWLHVLQDVROXWLRQDUHGLIIHUHQW
$WWKHEHJLQQLQJHDFKQXPEHULVDVVRFLDWHGZLWKDFXOWXUH$IWHUWKHJHQHUDWLRQFXOWXUHVDUHRXWSXWGHSHQGLQJRQ
WKHQXPEHUVDWWULEXWHGZLWKWKHP:HZLOOWDNHDQH[DPSOH

)LJ7KHSURFHVVRIJHQHUDWLQJFURSSLQJV\VWHPSRVVLELOLWLHV
$QXPEHULVDWULEXWWHGWRHDFKFXOWXUH
FXOWXUHFRGLILFDWLRQ
±:KHDW
±&RUQ
±6XQIORZHU
$OOFURSSLQJV\VWHPSRVVLELOLWLHVDUH
JHQHUDWHG
$QH[DPSOHLVSUHVHQWHGLQWKHULJKW

7KHFXOWXUHVDUHRXWSXWGHSHQGLQJRQ
WKHXSSHUJHQHUDWLRQWKHGHFRGLILFDWLRQ
RIJHQHUDWHGVROXWLRQ
&RUQ
:KHDW
6XQIORZHU
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7KHJHQHUDWHGVROXWLRQVZLOOEHVWRUHG LQ WKHVWULQJ[ZLWKFRPSRQHQWV[[[«[PZKHUH[LFDQ WDNHDV
YDOXHVDQ\QXPEHUVIURPWKHVHW^«Q`L P
7KH DOJRULWKP WKDW XVHV EDFNWUDFNLQJ PHWKRG ZLOO YHULI\ IRU HDFK JHQHUDWHG FRPSRQHQW [N LI VDWLVILHV WKH
FRQGLWLRQ
 3RWULYLUH>N@>L@ ZKHUHNLVWKHFXUUHQWFXOWXUHDQGLLVWKHSODQWYHULILHGWREHSUHFXUVRU\IRUSODQWN
2QFHD VROXWLRQ LVJHQHUDWHG LQ WKH VWULQJ[ WKLVFDQEHRXWSXWRU VWRUHG LQD WZRGLPHQVLRQDODUUD\ HDFK OLQH
EHLQJDSRVVLELOLW\RIURWDWLQJWKHFXOWXUHV
5HVXOWV
$-DYDLPSOHPHQWDWLRQIRUWKHDOJRULWKP
7RHPSKDVL]HWKHXWLOLW\RIWKLVPHWKRGZHSURMHFWHGDQLQWHUIDFHXVLQJ-DYDSURJUDPPLQJODQJXDJH7KHVWHSV
GHVFULEHG DERYH DUH HPSKDVL]HG VHSDUDWHO\ ZLWKLQ WKH LQWHUIDFH E\ WKHLU LQFOXVLRQ LQ GLIIHUHQW DUHDV RI WKH
DSSOLFDWLRQV7KHLQWHUIDFHFDQEHVHHQLQ)LJXUH

)LJ-DYD*8,IRUWKHDOJRULWKP
7KHXVHUFKRRVHVZKLFKFXOWXUHVFDQEHFXOWLYDWHG7KHQWKHGXUDWLRQRIWKHURWDWLRQLVHVWDEOLVKHGWKHQXPEHURI
SDUFHOVLQZKLFKWKHHQWLUHVXUIDFHZLOOEHGLYLGHGRUP$IWHUWKDWWKHFURSSLQJV\VWHPSRVVLELOLWLHVDUHJHQHUDWHG
XVLQJRQHRIWKHWZRPHWKRGVPHQWLRQHGDERYH%DVHGRQWKLVOLVWWKHEXGJHWIRUHYHU\SRVVLELOLW\LVJHQHUDWHGDQG
RXWSXWLQWKHQH[WDUHDRIWKHLQWHUIDFH)RUILQGLQJWKHPRVWSURILWDEOHFURSSLQJV\VWHPSRVVLELOLW\ZHZLOOIROORZ
RQHRIWKHWZRGLUHFWLRQVIRUWKHILUVWGLUHFWLRQZKHQWKHSURGXFWLRQLVVROGGLUHFWO\WKHWRWDOLQFRPHSHUSRVVLELOLW\
DQGWKHSURILWDIIHUHQWWRHDFKRQHLVFDOFXODWHG)RUWKHVHFRQGGLUHFWLRQLQFDVHRIVHOOLQJSURGXFWVREWDLQHGIURP
WKHFURSVLQWKHFURSSLQJV\VWHPWKHXVHULQWURGXFHVWKHSULFHIRUHYHU\SURGXFWDQGWKHH[SHQVHVIRULWVSURGXFWLRQ
ILQGLQJIXUWKHUWKHDIIHUHQWSURILWREWDLQHGDIWHUWKHVROGRISURGXFWV
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([DPSOH
:HZLOOVKRZLQWKHQH[WURZVDQH[DPSOHRIJHQHUDWLQJFURSSLQJV\VWHPSRVVLELOLWLHV:HFRQVLGHUDWWKLVWLPH
WKDWRXU³ILWWLQJ´WZRGLPHQVLRQDODUUD\FRQWDLQVFXOWXUHVZKHDWFRUQEDUOH\FRO]DVXQIORZHUSHDVDQGVR\:H
WDNH DV H[DPSOH DQ DJULFXOWXUDO KROGLQJ VLWXDWHG LQ WKH VRXWK RI2OW &RXQW\ QHDU'DQXEHPHDGRZ ZKLFK KDV D
VXUIDFHRIKDHDFKFXOWXUHFXOWLYDWHGRQDVXUIDFHRIKD7KHSULFHVDQGWKHDYHUDJHSURGXFWLRQIRUWKHVHYHQ
FXOWXUHVDUHSUHVHQWHGLQ7DEOH
7DEOH3ULFHDQGDYHUDJHSURGXFWLRQIRUFXOWXUHVWDNHQDVH[DPSOH>@
&XOWXUH 3ULFHRQPDUNHWLQ>OHLNJ@
$YHUDJHSURGXFWLRQLQ
>NJKD@
&RVWVKD
>OHLKD@
:KHDW   
&RUQ   
%DUOH\   
6XQIORZHU   
&RO]D   
3HDV   
6R\   

7KHIDUPHUZDQWVDWKUHHFRXUVHURWDWLRQ,QWKLVORFDWLRQWKHFOLPDWHLVFKDUDFWHUL]HGE\WKHQH[WYDOXHV
 7KHDQQXDODYHUDJHWHPSHUDWXUHLVÛ&LQWKHZLQWHULVÛ&DQGLQWKHVXPPHUUHDFKHVÛ&
 7KHDQQXDODYHUDJHSUHFLSLWDWLRQVUHDFKPPLQWKHZLQWHUEHLQJPPDQGLQWKHVXPPHUPP
 7KHVRLOW\SHLVFKHUQR]HPDVRLOZLWKDKLJKIHUWLOLW\
)URP WKHVH FXOWXUHV ZH PXVW FKRRVH WKUHH FXOWXUHV DQG ZH FKRRVH WKLV VHW RI VHYHQ FURSV DV EDVH IRU RXU
EDFNWUDFNLQJ DOJRULWKP7KH WRWDO QXPEHURI FURSSLQJV\VWHPSRVVLELOLWLHVZKLFK WKH IDUPHU FDQSODQW LQ WKH ILUVW
\HDU LV  WDNLQJ LQWR DFFRXQW WKHLU RUGHU 7KH SRVVLELOLWLHV DQG WKH QXPEHUV IRU \HDU  IRU HDFK SRVVLELOLW\
UHVXOWHGIURPWKHDOJRULWKPDUHSUHVHQWHGLQ7DEOH7KHHXURLVVHWDWWKHYDOXHRIOHLDQGWKHYDOXHRIVXEVLGLHV
LVHXUR
7DEOH5HVXOWVDIWHULPSOHPHQWLQJWKHDOJRULWKPIRUWKHXSSHUH[DPSOHXVLQJWKHYDOXHVIURP7DEOH
1R 3RVVLELOLW\ &RVWVOHL
,QFRPH
OHL
3URILWDIWHUVHOOLQJ
WKHFURSOHL
3URILWZLWK
VXEVLGLHVOHL
     
 :KHDW&RUQ6XQIORZHU    
 :KHDW&RUQ6R\    
 :KHDW6XQIORZHU3HDV    
 :KHDW6XQIORZHU6R\    
 :KHDW&RO]D6R\    
 :KHDW3HDV6XQIORZHU    
 :KHDW3HDV&RO]D    
 &RUQ6XQIORZHU:KHDW    
 &RUQ6XQIORZHU%DUOH\    
 &RUQ6XQIORZHU3HDV    
 &RUQ6XQIORZHU6R\    
 &RUQ6R\:KHDW    
 %DUOH\&RUQ6XQIORZHU    
 %DUOH\6XQIORZHU3HDV    
 %DUOH\3HDV6XQIORZHU    
 %DUOH\3HDV&RO]D    
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 6XQIORZHU:KHDW&RUQ    
 6XQIORZHU:KHDW3HDV    
 6XQIORZHU%DUOH\&RUQ    
 6XQIORZHU%DUOH\3HDV    
 6XQIORZHU3HDV:KHDW    
 6XQIORZHU3HDV&RUQ    
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 6XQIORZHU6R\:KHDW 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
 6XQIORZHU6R\&RUQ    
 &RO]D:KHDW3HDV    
 &RO]D%DUOH\3HDV    
 &RO]D6R\:KHDW    
 3HDV:KHDW6XQIORZHU    
 3HDV&RUQ6XQIORZHU    
 3HDV%DUOH\6XQIORZHU    
 3HDV6XQIORZHU:KHDW    
 3HDV6XQIORZHU%DUOH\    
 3HDV&RO]D:KHDW    
 3HDV&RO]D%DUOH\    
 6R\:KHDW&RUQ    
 6R\:KHDW6XQIORZHU    
 6R\:KHDW&RO]D    
 6R\&RUQ6XQIORZHU    

:HZLOOREVHUYHWKDWWKHPRVWSURILWDEOHSRVVLELOLW\LQZDV%DUOH\±3HDV±&RO]DLQLWV³F\FOLFDO´IRUP<RX
FDQREVHUYHWKDWZHKDYHWDNHQLQWRDFFRXQWWKHRUGHUZKLFKPHDQVWKDWHDFKFURSSLQJV\VWHPSRVVLELOLW\LVSUHVHQW
ZLWKLWVWUDQVODWLRQWRWKHQH[WULJKWSRVLWLRQ
1RZZHZLOOVWXG\WKHDOJRULWKPEHKDYLRUIRUYDULRXVYDOXHVRIWKH\HDUVLQWKHURWDWLRQ7KHUXQWLPHYDOXHIRU
WKH-DYDLPSOHPHQWDWLRQVDUHSUHVHQWHGIRUGLIIHUHQWYDOXHVJLYHQWRQWKHFDUGLQDOQXPEHURIWKHVHWWKDWFRQWDLQV
WKHFXOWXUHVH[SODLQHGLQ6HFWLRQ,,,LVSUHVHQWHGLQ)LJDQG)LJ
7KHYDOXH IRUQ DQGP  LVPV PLOLVHFRQGV ,W FDQEHREVHUYHG IURP WKHJUDSKLF WKDW WKHYDOXH LV
LQFUHDVLQJRQFHQDQGPLQFUHDVHZKLFKLVTXLWHDPDMRUUHVWULFWLRQIRUWKLVDOJRULWKP

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)LJ-DYDLPSOHPHQWDWLRQUXQWLPHIRUGLIIHUHQWYDOXHVRIQDQGP
)LJ-DYDLPSOHPHQWDWLRQUXQWLPHIRUGLIIHUHQWYDOXHVRIQDQGP
&RQFOXVLRQV
2EWDLQLQJSURILW LQDJULFXOWXUHLVDFKDOOHQJHWRGD\DQGWKHUHIRUH LQWKHFRQWH[WRIHQYLURQPHQWSURWHFWLRQDQG
UDWLRQDO XVDJH RI UHVRXUFHV YDULRXV VROXWLRQV PXVW EH IRXQG 7KH FURSSLQJV\VWHP LV RQH RI WKHP DQG WKH
LQWHUIHUHQFHRIWHFKQRORJ\LQDJULFXOWXUHEULQJVWKHRSSRUWXQLW\RIREWDLQLQJFURSVJDLQVZLWKRXWXVLQJDQ\VROXWLRQ
WKDWFDQEHKDUPIXOWRWKHHQYLURQPHQW
%XWWKHDJULFXOWXUDOGRPDLQZRUNVZLWKSDUDPHWHUVQRWDVSUHFLVHDVLQRWKHUGRPDLQVDQGWKLVLVWKHGLIILFXOWSDUW
LQ WHFKQRORJL]LQJ DJULFXOWXUH DQGPDNH WKH MRE RI WKH IDUPHU HDVLHU 7KHUH DUH DQG ZLOO VWLOO EH SDUWLFXODULWLHV LQ
DJULFXOWXUHWKDWGHSHQGRQO\RQWKHQDWXUDOFRQGLWLRQVDQGWKHIDUPHU
7KHJHQHUDWLRQRIFURSSLQJV\VWHPSRVVLELOLWLHVPD\DOVREHPDGHXVLQJDOJRULWKPVEDVHGRQGLIIHUHQW W\SHVRI
PHWKRGV VXFK DV UDQGRP JHQHUDWLRQ ZKLFK FDQ LPSURYH WKH OLPLWDWLRQV DQG UHVWULFWLRQV RI D EDFNWUDFNLQJ
DOJRULWKP7KHLPSOHPHQWDWLRQRIWKHVHDOJRULWKPVLVDGLUHFWLRQRIUHVHDUFKLQRXUIXWXUHZRUN
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